Introduction
Carnitine is present in exceedingly high concentration in the epididymis of rats (Marquis & Fritz, 1965a; Casillas, 1972; Brooks, Hamilton & Mallek, 1974) and other species (Casillas, 1972) . Carnitine accumulates in bovine (Casillas, 1973) and in rabbit (Casillas & Chaipayungpan, 1979 ) spermatozoa as they mature in the epididymis and we have suggested that one of the functions of the organ is to supply carnitine to spermatozoa as they mature. We have also presented evidence that carnitine plays a special role in the metabolism of mature bovine and monkey spermatozoa (Casillas & Erickson, 1975a ). In addition, many others have studied the occurrence of carnitine in the male reproductive tract and its relation to the metabolism of the epididymis and spermatozoa and these studies have been recently reviewed (Brooks, 1980; Hinton & Setchell, 1980; Carter, Stratman, Hutson & Lardy, 1980) . Marquis & Fritz (1965b) first demonstrated that testosterone was necessary to maintain epididymal carnitine levels in rats and Casillas & Erickson (1975b) confirmed these results and also showed that epididymal tissue and spermatozoa lack the ability to synthesize carnitine de novo. Although Casillas (1973) noted that bovine spermatozoa from the caput epididymidis accumulate isotopically-labelled carnitine in vitro while spermatozoa from the cauda epididymidis do not, the rate of accumulation was not increased by testosterone or dihydrotestosterone. Furthermore, the optimal rate of carnitine uptake in vitro was too slow to produce significant increases in the cellular carnitine content during the relatively short incubation periods necessary to retain cellular viability. Orgebin-Crist, Danzo & Davies (1975) have reviewed the numerous investigations that show that the development and maintenance of sperm fertilizing ability in the epididymis is regulated by androgens. Sperm maturation can be induced in isolated tubules from the proximal corpus epididymidis in vitro by addition of 5a-androstane-3,17ß-diol (dihydrotestosterone) to the culture medium (Orgebin-Crist & Tichenor, 1973) and this induction can be suppressed by the further addition of cyproterone acetate (Orgebin-Crist & Jahad, 1978 
Carnitine analysis ofspermatozoa
After culture, the tubules were removed from the medium, lacerated in a small volume of buffered salt solution containing 20 mM-NaH2P04, 119 mM-NaCl, 5 mM-KCl and 2 mM-MgCl2 (pH 7-0). Cellular debris was removed from the suspension by filtration through cheese cloth and the spermatozoa were collected by centrifugation at 800 g for 5 min. The sperm-containing pellets were washed twice in 10 volumes of the buffered salt solution to remove the exogenous carnitine and the final pellet was suspended in 0-5 ml of the buffered salt solution. An aliquot of the suspension was removed and sperm counts were performed by conventional haemocytometer techniques. The rest of the suspension was analysed for carnitine as previously described (Casillas & Chaipayungpan, 1979) , In brief, spermatozoa were suspended in 0-5 m-HC104 and were disrupted further by sonic irradiation. Acid-insoluble material was removed by centrifugation and the acid-soluble fraction was neutralized with KOH. The KC104 precipitate was removed by another centrifugation and the carnitine present in the clear, neutral extracts was determined by the method described by Cederblad & Lindstedt (1972) 
Results
The carnitine content of spermatozoa from tubules maintained in culture with 0-5 µg/ml dihydrotestosterone (8-3 ± 1-4 nmol/108 cells) was significantly (P < 0-01) greater than in spermatozoa maintained in the absence of androgen (3-1 ± 0-3 nmol/108 cells In four separate experiments, each with 10 rabbits, tubules from the distal corpus epididymidis were cultured for 24 h in the presence and absence of dihydrotestosterone. The carnitine content of spermatozoa from cultures containing dihydrotestosterone (5-0 ± 1-1 nmol/108 cells) was the same as from control cultures (4-8 ± 0-8 nmol/108 cells).
Discussion
The present results support our hypothesis that the accumulation of carnitine is one aspect of sperm maturation in the rabbit (Casillas & Chaipayungpan, 1979) . For the most part, we used the culture system described by Orgebin-Crist & Tichenor (1973) and Orgebin-Crist & Jahad (1978) who have demonstrated that spermatozoa maintained in culture tubules from the proximal corpus epididymidis develop the ability to fertilize ova only when androgen is added to the medium. We have shown that in this system, with the same concentration of dihydrotestosterone, (1) the spermatozoa accumulate carnitine, (2) the effect is blocked by the simultaneous addition of the antiandrogen, cyproterone acetate, and (3) dihydrotestosterone treatment had no effect on the carnitine levels of spermatozoa maintained in cultured tubules from the distal corpus epididymidis. Spermatozoa from this region of the rabbit epididymis in vivo are fertile (Bedford, 1966; Orgebin-Crist, 1967 (Casillas & Chaipayungpan, 1979) . Finally, the present report extends the results of previous investigations that have shown that epididymal carnitine levels are under androgenic control (Marquis & Fritz, 1965b; Casillas & Erickson, 1975b) and suggest that the uptake of carnitine by spermatozoa during epididymal transit is also controlled by androgens.
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